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$e$ $e$ (1.1) $C_{M}(t)$-
$V_{2}^{\#}$ $=$ 1 $+$ 1 $+$ 4371 $+$ 96255 $+$ 96256
$t$ : $+1$ $+1$ $+1$





$e\in(V_{2}^{\#})^{C_{M}(t)}$ $[$C $]$ $2A$ $t$ $M$























Vir $=\oplus_{n\in \mathbb{Z}}\mathbb{C}L(n)\oplus \mathbb{C}_{\overline{C}}$
:
$[L(m),$ $L(n)]=(m-n)L(m+n)+ \delta_{m+n,0}\frac{m^{3}-m}{12}\vec{c,}$ $[\vec{c}$, Vir$]$ $=0$ . (2.1)
Vir- $M$
(1) $\vec{c}$ $c\in \mathbb{C}$ ( $M$ )
(2) $L(O)$ $M$
(3) $v\in M$ $N\in \mathbb{Z}$ $L(n)v=0$ $n\geq N$
Vir- $M$
$\omega(z)=\sum_{n\in Z}L(n)z^{-n-2}\in$ End$(M)[z,$ $z^{-1}I$
(2.1) End$(M)[z,$ $z^{-1}I$
$(z_{1}-z_{2})^{4}[\omega(z_{1}),\omega(z_{2})]=0$ (2.2)
$1_{O}$ $[\omega(z_{1}), \omega(z_{2})]\neq 0$
(2.2)
End$(M)[z,$ $z^{-1}I$
$(cf. [K, MaN])$ $\omega(z)$
$c$




$2M(c,$ $h)$ $c$ , $h$ Vir- $\overline{M}(c, 0)=$
$M(c, 0)/M(c, 1)$
3 $c$ , $h$ $L(c, h)$ $M(c, h)$





$SVir_{\epsilon}:_{-}$$:-$ Vir $\oplus\oplus \mathbb{C}G(r)=\oplus \mathbb{C}L(n)\oplus \mathbb{C}\vec{c}\oplus\oplus \mathbb{C}G(r)$
$r\in Z+\epsilon$ $n\in Z$ $r\in Z+\epsilon$
– –
$[L(m),$ $G(r)]=( \frac{1}{2}m-r)G(m+r)$ ,




(1) $c\neg$ $c\in \mathbb{C}$ $($ $M$ $)$
(2) $L(O)$ $M$
(3) $v\in M$ $N\in \mathbb{Z}$ $L(n)v=G(n+\epsilon)v=0$
$n\geq N$
SVir$\epsilon$- $M$
$\omega(z)=\sum_{n\in Z}L(n)z^{-n-2}$ , $\tau(z)=\sum_{r\in Z+\epsilon}G(r)z^{-r-3/2}\in$ End$(M)Iz,$ $z^{-1}I[z^{\epsilon+1/2}]$
$($2.3 $)$ End$(M)$
$(z_{1}-z_{2})^{4}[\omega(z_{1}),\omega(z_{2})]=(z_{1}-z_{2})^{2}[\omega(z_{1}), \tau(z_{2})]=(z_{1}-z_{2})^{3}[\tau(z_{1}),\tau(z_{2})]_{+}=0$ (2.4)
$\omega(z)$ $\tau(z)$ End$(M)[z,$ $z^{-1}I[z^{\epsilon+1/2}]$
$N=1$
$c$ $N=1$
$($ $)$ $\overline{M}_{N=1}(c,$ $0)$ 4 $\overline{M}_{N=1}(c,$ $0)$
$L_{N=1}(c,$ $0)$
5
$4M_{e}(c, h)$ $c$ , $h$ SVir $\epsilon$ $N=1$
SVirl/2- $\overline{M}_{N=1}(c, 0)=M_{1/2}(c, 0)/M_{1/2}(c^{1}/2)$




1. $V$ $V=V^{0}\oplus V^{1}=\oplus_{n\in \mathbb{Z}/2}V_{n}$
$V^{0}=\oplus V_{n}n\geq 0’ V^{1}=\oplus V_{n+h}n\geq 0’ h\in \mathbb{Z}+1/2,$
$V_{h}\neq 0,$ $V_{0}=\mathbb{C}I,$ $V_{1}=0$ .
$h\in \mathbb{Z}+1/2$ $V^{1}$ $V_{h}^{1}$
$V=V^{0}\oplus V^{1}$ $\langle\cdot|\cdot\rangle$
$a,$ $u,$ $v\in V$
$\langle Y(a, z)u|v\rangle_{\pm}=\langle u|Y_{\pm}^{*}(a, z)v\rangle_{\pm}$ ,
$($ 3.1 $)$
$Y_{\pm}^{*}(a,$ $z):=Y(e^{zL(1)}z^{-2L(0)}(-1)^{L(0)\pm 2L(0)^{2}}a,$ $z^{-1})$ .
1 $(-1)^{L(0)\pm 2L(0)^{2}}a$ $\pm a$





$V$ ( $\pm$ )
$\mathbb{Z}_{2}$- $\pm 1$
$\langle I|I\rangle=1$ $a,$ $b\in V_{h}^{1}$ $\langle a|b\rangle$ IL $=a_{(2h-1)}b$
$V^{1}$ 6
$V$ 1 $a,$ $b\in V_{2}^{0},$ $u,$ $v\in V_{h}^{1}$
$V_{2}^{0}\oplus V_{h}^{1}$ 7
$ab:=a_{(1)}b$ , $au$ $:=a_{(1)}u$ , $ua:=u_{(1)}a$ , $uv:=u_{(2h-3)}v$ ,
$($ 3.2 $)$
$\langle a|b\rangle I=a_{(3)}b$, $\langle u|v\rangle I=u_{(2h-1)}v$ , $\langle a|u\rangle=\langle u|a\rangle=0$ .
6 $n\in N$ $h=2n+1/2$ $\langle\cdot|\cdot\rangle_{-}$ $h=2n+3/2$ $\langle\cdot|\cdot\rangle_{+}$
7 $V$ $V_{2}^{0}\oplus V_{h}^{1}$
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32. $($ 3.2 $)$ $V_{2}^{0}\oplus V_{h}^{1}$




3.3. $([$Mi$])$ $a$ $V^{0}$ $a/2\in V_{2}^{0}$
8
$a\in V_{2}^{0}$ $a/2$
$a$ $xx=a$ $x\in V_{h}^{1}$
$\blacksquare h=1/2$ $x_{(n)^{X}}\in V_{-n}^{0}$ $n>0$ 1 $x_{(n)}x=0$
$X_{(0)^{X=}}\langle x|x\rangle$ IL $x$ $Y(x,$ $z)= \sum_{n\in Z}x_{(n)}z^{-n-1}$
$[x_{(m)}, x_{(n)}]_{+}=(x_{(0)}x)_{(m+n)}=\langle x|x\rangle$ I $(m+n)=\langle x|x\rangle\delta_{m+n+1,0}$ . (3.3)
$a=X_{(-2)^{X}}$ $a_{(1)}a=2a$
$2x_{(-2)}x=(x_{(-2)}x)_{(1)}(x_{(-2)}x)=4\langle x|x\rangle x_{(-2)}x$ (3.4)
$\langle x|x\rangle=1/2$ $a$ $c_{a}$
$c_{a}=2 \langle a|a\rangle=2\langle x_{(-2)}x|x_{(-2)}x\rangle=2\langle x|x_{(1)}x_{(-2)}x\rangle=2\langle x|\langle x|x\rangle x\rangle=\frac{1}{2}$
$x$
$\psi(z)=\sum_{n\in Z}\psi_{n+1/2}z^{-n-1}$ , $[\psi_{r}, \psi_{\epsilon}]_{+}=\delta_{m+n,0}$ (3.5)
$\grave$
$L(1/2,0)\oplus L(1/2^{1}/2)$ $($ cf. $[K$ , KR$])$
9
8 $\langle a|a\rangle/2$
9 $\langle x|x\rangle=0$ $x_{(-2)^{X}}$ $x$
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$\blacksquare h=3/2$ $V_{2}^{0}=\mathbb{C}a$
$\omega$ $V$ 1 $\omega=a+(\omega-a)$ $V$
$a$ $V$
$ker_{V}(\omega-a)_{(0)}$ $($ cf. $[FZ])_{0}x\in V_{3/2}^{1}$
$ker_{V}(\omega-a)_{(0)}$ $xx\in \mathbb{C}a$ 1
$x_{(0)}x=\lambda a(\lambda\in \mathbb{C}),$ $x_{(1)}x=0,$ $x_{(2)}x=\langle x|x\rangle$ $n\geq 3$
$x_{(n)}x=0$ $x$ Vir $(a)$ 3/2
$a_{(0)}x=\omega_{(0)}x=x_{(-2)}I,$ $a_{(1)}x=(3/2)X,$ $n\geq 2$ $a_{(n)}x=0$
$x$ $a$ $c_{a}$
$x_{(0)}x=\lambda a$ $\langle a|x_{(0)}x\rangle=\lambda\langle a|a\rangle=\lambda c_{a}/2$
$\langle a|x_{(0)}x\rangle$ I $=a_{(3)}x_{(0)}x=[a_{(3)},x_{(0)}]x= \sum_{i\geq 0}(\begin{array}{l}3i\end{array})(a_{(i)}x)_{(3-i)}x$
$=(a_{(0)}x)_{(3)}x+3(a_{(1)}x)_{(2)}x=-3x_{(2)}x+3 \cdot\frac{3}{2}X_{(2)^{X}}$
$= \frac{3}{2}\langle x|x\rangle I$
$\lambda c_{a}=3\langle x|x\rangle$ $\lambda=0$ $\langle x|x\rangle=0$ $i\geq 0$
$x_{(i)}x=0$ $[xx]_{+}=0$ $x$















$[L^{a}(m),$ $G^{x}(r)]=( \frac{m}{2}-r)G^{x}(m+r)$ ,







34. 1 $V=V^{0}\oplus V^{1}$ $a\in V_{2}^{0}$
$x\in V_{3/2}^{1}$ Vir $($ a) 3/2 $x$
$i\geq 0$ $x_{(i)}x\in$ Vir $(a)$ $10$ $x$
$N=1$
$\blacksquare h=5/2$ $a\in V_{2}^{0}$ $x\in V_{5/2}^{1}\cap ker_{V}(\omega-a)_{(0)}$
$xx=a$ $x$
$x$ Vir $(a)$ 5/2
$i\geq 0$ $x_{(i)}x\in$ Vir $(a)$ $a$ -13/14
$x$
(cf. [Z]) $x$ Vir $($ a $)$ - $L(-13/14,0)\oplus L(-13/14^{5}/2)$
$L(-13/14,0)$
4







(2) $V$ Vir $(\omega)$
(3) $V$ Vir $(\omega)$ -
$V$ Vir $(\omega)$ -
$V=V^{0}\oplus V^{1}$ ,
$V^{0}=\oplus V^{0}(n)n\geq 0$ ’ $V^{1}=\oplus V^{1}(n+h)n>0arrow$ . $($4.1 $)$
1 $Y(x, z)x\in$ Vir $(a)\beta z,$ $z^{-1}\#$ $i\geq 0$
$x_{(t)}x\in$ Vir$(a)$
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$V^{i}(k)$ $V^{i}$ $k$ Vir $(\omega$ $)$
1 $V^{0}(0)=$ Vir $(\omega)$ Vir $(\omega)$-
$0 arrow V^{0}/V^{0}(0)\simeq\bigoplus_{n>0}V^{0}(n)arrow V^{0}arrow^{\pi}V^{0}(0)=$ Vir $(\omega)arrow 0$ . $($4.2 $)$
-Norton $V$ $V^{0}$
$V_{2}^{0}$ $\{u^{i}|1\leq i\leq\dim V_{2}^{0}\}$ $\{u_{i}|1\leq i\leq\dim V_{2}^{0}\}$
$\kappa_{n}:=\sum_{i=1}^{\dim V_{2}^{0}}u_{(3-n)}^{i}u_{i}\in V_{n}^{0}$ (4.3)
$[$Ma$]$ $\kappa_{n}$ $(n$ $)$
$[$Ma$]$ 11
41. (cf. [Ma]) $V^{0}$ $S^{t}$ $0\leq n\leq t$ $\kappa_{n}\in$
Vir $(\omega)$
[Ma] $V^{0}$ $S^{2n}$ $(n\leq 5)$ $n$
$S^{t}$ G. H\"ohn
4.2. (cf. [H4]) $V^{0}$ $M$ $X$




43. $($4.1 $)$ $m>0$ $V^{0}(m)\perp V^{0}(0)$
4.4. $a\in V_{p}^{0}$ $tr_{V_{2}^{0}}o(a)=(-1)^{p}\langle a|\kappa_{p}\rangle$
$d=\dim V_{2}^{0}$ $u_{(m)}v= \sum_{j\geq 0}\frac{(-1)^{m+j+1}}{j!}L(-1)^{j}v_{(m+j)}u$
$L(1)V_{2}^{0}=0$




$tr_{V_{2}^{0}}o(a)$ $= \sum_{i=1}^{d}\langle o(a)u^{i}|u_{i}\rangle=\sum_{i=1}^{d}\langle a_{(p-1)}u^{i}|u_{i}\rangle$
$= \sum_{i=1}^{d}\sum_{j=0}^{\infty}\frac{(-1)^{p+j}}{j!}\langle L(-1)^{j}u_{(p-1+j)}^{i}a|u_{i}\rangle$
$= \sum_{i=1}^{d}\sum_{j=0}^{\infty}\frac{(-1)^{p+j}}{j!}\langle u_{(p-1+j)}^{i}a|L(1)^{j}u_{i}\rangle$
$= \sum_{i=1}^{d}(-1)^{p}\langle u_{(p-1)}^{i}a|u_{i}\rangle=\sum_{i=1}^{d}(-1)^{p}\langle a|u_{(3-p)}^{i}u_{i}\rangle$
$=(-1)^{p}\langle a|\kappa_{p}\rangle$ . 1
45. $V^{0}$ 2 $V^{0}$ $S^{t}$
$V_{2}^{0}$
$V^{0}$ $S^{t}$ $0\leq n\leq t$ $\kappa_{n}\in$ Vir $(\omega)$ $a$ $V_{n}^{0}$
44 $tr_{V_{2}^{0}}o(a)=(-1)^{n}\langle a|\kappa_{n}\rangle$ $tr_{V_{2}^{0}}o(\pi(a))=(-1)^{n}\langle\pi(a)|\kappa_{n}\rangle$
4.3 Vir $(\omega)=V^{0}(0)\perp ker\pi=\oplus_{n>0}V^{0}(n)$ $($4.2 $)$ $\pi$
$a-\pi(a)\in ker\pi$ $\langle a|\kappa_{n}\rangle=\langle\pi(a)+(a-\pi(a))|\kappa_{n}\rangle=\langle\pi(a)|\kappa_{n}\rangle$
$V_{2}^{0}$
$V_{2}^{0}$ $a\in V_{n}^{0},0\leq n\leq t$ $tr_{V_{2}^{0}}o(a)=$
$tr_{V_{0}^{2}}o(\pi(a))$ 44 $\langle a-\pi(a)|\kappa_{n}\rangle=0$ $\pi$
$\{a-\pi(a)|a\in V_{n}^{0}\}=ker\pi$ $V_{n}^{0}$ $V$ 43
$\kappa_{n}\in$ Vir $(\omega)$ $V$ $S^{t}$ 1
$\{v^{i}|1\leq i\leq\dim V_{h}^{1}\}$ $V_{h}^{1}$ $\{v_{i}|1\leq i\leq\dim V_{h}^{1}\}$
44 $A\in$ End $(V_{h}^{1})$
$tr_{V_{h}^{1}}A=\sum_{i=1}^{\dim V_{h}^{1}}\langle Av^{i}|v_{i}\rangle$ (4.4)
$V^{0}$
$S^{2n}$ $(n=1,2)^{\text{ _{}13}}$
$a,$ $b\in V_{2}^{0}\oplus V_{h}^{1}$ $ab=o(a)b$
45 $V^{0}$ $S^{t}$ $V_{2}^{0}$
$13n=3,4,5$
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4.6. $V=V^{0}\oplus V^{1}$ 2
(1) $V^{0}$ $S^{2}$ $c\neq 0$ $a\in V_{2}^{0}$
$tr_{V_{h}^{1}}o(a)=\frac{2h\dim V_{h}^{1}}{C}\langle\omega|a\rangle$ .
(2) $V^{0}$ $S^{4}$ $c\neq 0,$ $-22/5$ $a,$ $b\in V_{2}^{0}$
$tr_{V_{h}^{1}}o(a)o(b)=-\frac{2h(c-22h)\dim V_{h}^{1}}{c(5c+22)}\langle a|b\rangle+\frac{4h(5h+1)\dim V_{h}^{1}}{c(5c+22)}\langle a|\omega\rangle\langle b|\omega\rangle$ .
4.2
$V^{\mathfrak{h}}$ [FLM], $M$ $B$
[ATLAS] Aut $(V^{\mathfrak{h}})=M$ $t$ $M$ $2A$
$C_{M}(t)=2B$ $[$Hl] $B$
$\text{ ^{}\mathfrak{y}}=w^{\mathfrak{y},0_{\oplus VB}\#,1}$ $V^{\mathfrak{h}}$
$[H2, Y]$ Aut$(VB\#,0)=B$ Aut $(VB^{\mathfrak{h}})=B\cross 2$
$lB$ ta $a$Norton
46 $1B^{\mathfrak{y}}$ $2A$
$w\#$ :,0 $|$’0 96256
$W_{3/2}^{\mathfrak{h},1}$ 4371 $lB^{\#}$ $\oplus lB_{3/2}^{\#,1}$ $B$-
$1+96255+4371$ $s\in B$ $2A$ $[$ATLAS$]$
$C_{B}(s)=2\cdot 2E_{6}(2)$ :2 $\alpha(s)$- $IB_{2}^{\mathfrak{h}_{2}0}$ $\mathfrak{B}_{3/2}^{\#,1}$
$IB_{2}^{\mathfrak{y},0}=$ 1 $+$ 1 $+$ 48620 $+$ 1938 $+$ 45696, $W_{3/2}^{\mathfrak{h},1}=$ 1 $+$ 1938 $+$ 2432. $($4.5 $)$
$(\text{ _{}2}^{\mathfrak{h},0})^{C_{B}(s)}$
$[$HLY$]$ 7/10 114/5
$B$ $2A$ $s$ $($ $\#)^{C_{B}(s)}$
$c=7/10$ $B$ $2A$ $L(7/10,0)$
$lB^{\#}$
$c=7/10$ 14






4.7. $[$LLY$]$ $L(7/10,0)\oplus L(7/10^{3}/2)$ $c=7/10$
$N=1\theta^{\tau}$ $L_{N=1}(7/10,0)$
34 1
46 (4.5) $($V $1)_{3/2}^{c_{r(s)}}$
$(\text{ _{}2}^{\mathfrak{y}0}\})^{C_{B}(s)}$ $c=7/10$
4.8. ([H3, H4]) $w\#$ 2 $\text{ ^{}\mathfrak{h},0}$ $S^{7}$
46 V
49. $s$ $B$ $2A$ $f$ $(TB_{2}^{\mathfrak{h}0}))^{C_{l}(s)}$ $c=7/10$
$\#$
$f$ $\text{ _{}3/2}^{\mathfrak{h},1}$ (4.5)
$W_{3/2}^{\mathfrak{h}_{1}1}$ $=$ 1 $+$ 1938 $+$ 2432
$f$ : $\frac{3}{2}$ $\frac{1}{10}$ $0$
$B$ $2A$ $s$
$(\text{ ^{}\mathfrak{y}})^{C_{D}(s)}$ $L_{N=1}(7/10,0)$ [HLY]
4.10. $N=1$ $L_{N=1}(^{7}/10,0)=L(7/10,0)\oplus L(7/10^{3}/2)$
V $B\subset$ Aut $(\text{ ^{}\mathfrak{h}})$ $2A$ $s$
$L_{N=1}(7/10,0)arrow(\text{ ^{}\mathfrak{h}})^{C_{B}(s)}$
[HLY] $B$ $E_{7}$
[ATLAS] J.H. Conway, R.T. Curtis, S.P. Norton, R.A. Parker and R.A. Wilson, ATLAS of
finite groups. Clarendon Press, Oxford, 1985.
15 $f,$ $f’$ $\mathfrak{B}^{\mathfrak{h},0}$ $\sigma$- $c=7/10$ $s,$ $s’$
$B$ $2A$ $ss’$ $B$ $2C$ $W^{\mathfrak{h},0}$
$L(7/10_{\rangle}0)^{\Phi 2}\oplus L(7/10^{3}/2)^{\emptyset 2}$ $f$ $f’$ $L(7/10,0)^{\otimes 2}$
$L_{N=1}(7/10,0)$
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